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SPACE POWER ARCHITECTURES FOR NASA MISSIONS: 
THE APPLICABILITY AND BENEFITS OF 
ADVANCED POWER AND ELECTRIC PROPULSION 


David J. Hoffman 

National Aeronautics and Space Administration 
Glenn Research Center 
Cleveland, Ohio 44135 


The relative importance of electrical power systems as compared with other spacecraft bus systems is examined. 

The quantified benefits of advanced space power architectures for NASA Earth Science, Space Science, and Human 
Exploration and Development of Space (HEDS) missions is then presented. Advanced space power technologies 
highlighted include high specific power solar arrays, regenerative fuel cells, Stirling radioisotope power sources, 
flywheel energy storage and attitude control, lithium ion polymer energy storage and advanced power management 
and distribution. 


N AS A/TM— 2001-211081 


1 



GRC Systems Assessment Team 
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Paul Schmitz Flywheel Energy Storage & A/C 

Dale Stalnaker Lithium-polymer Energy Storage 



Relative Importance of Power 



Relative to spacecraft dry mass, the return on investment 
from advanced power system technology can be greater than 
any other spacecraft system for a wide variety of missions! 



Aerospace Power Systems 
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Investments in advanced technology for each power 
subsystem will benefit the widest variety of missions! 




Solar Arrays in Space 

1 st Space Solar Array: Vanguard 1 (1958) \ 
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30 kW Solar Array (34 x 12 m) with 32,800 solar cells 
Single crystal 8 x 8 cm 1 5% efficient Silicon solar cells 
Eight Arrays when complete - 240 kW Total Power Generation 
15 year life in LEO 



PV Array Technology Thrusts 
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Near Term Thin-Film Application 

Europa Orbiter 
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Demonstrate LILT Performance 



Far Term Thin-Film Application 

Humans to Mars 



Thin Polymer Substrate Enables 
Mission 
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Benefits of RFC Systems 






Flywheel Systems Level Benefits 
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Power Management & Distribution 
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Power (kilowatts) 




PMAD System Benefits for a 
MARS SEP Mission 
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Applications for Advanced 
Batteries at NASA 
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Benefits of Lithium-Ion 
Energy Storage 
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Synergistic Benefits of 
Power & Electric Propulsion 

Space Science: Pluto Flyby 
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Synergistic Benefits of 
Power & Electric Propulsion 

Earth Science: LEO LIDAR Mission 
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The Relative Importance of 
Power & Propulsion 
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All other 
subsystems 
combined 
32% 



REPORT DOCUMENTATION PAGE 


Form Approved 
OMB No. 0704-0188 


Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, 
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this 
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson 
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503. 


1. AGENCY USE ONLY ( Leave blank) 


4. TITLE AND SUBTITLE 


2. REPORT DATE 


July 2001 


3. REPORT TYPE AND DATES COVERED 

Technical Memorandum 


Space Power Architectures for NASA Missions: The Applicability and 
Benefits of Advanced Power and Electric Propulsion 


6. AUTHOR(S) 


5. FUNDING NUMBERS 


WU-755-1A-16-00 


David J. Hoffman 


7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

National Aeronautics and Space Administration 
John H. Glenn Research Center at Lewis Field 
Cleveland, Ohio 44135-3191 


8. PERFORMING ORGANIZATION 
REPORT NUMBER 


E- 12921 


9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

National Aeronautics and Space Administration 
Washington, DC 20546-0001 


10. SPONSORING/MONITORING 
AGENCY REPORT NUMBER 


NASA TM— 200 1-211081 


11. SUPPLEMENTARY NOTES 


Prepared for the Space Power Workshop cosponsored by the Air Force Research Laboratory, USAF Space and Missile 
Systems Center, and The Aerospace Corporation, Redondo Beach, California, April 2-5, 2001. Responsible person, 
David J. Hoffman, organziation code 6920, 216-433-2445. 


12a. DISTRIBUTION/AVAILABILITY STATEMENT 

Unclassified - Unlimited 
Subject Categories: 1 8 and 20 


Distribution: Nonstandard 


Available electronically at http;//gltrs. grc .nasa, gov/GLTRS 

This publication is available from the NASA Center for AeroSpace Information, 301-6214)390. 


13. ABSTRACT (Maximum 200 words ) 



The relative importance of electrical power systems as compared with other spacecraft bus systems is examined. 

The quantified benefits of advanced space power architectures for NASA Earth Science, Space Science, and Human 
Exploration and Development of Space (HEDS) missions is then presented. Advanced space power technologies 
highlighted include high specific power solar arrays, regenerative fuel cells, Stirling radioisotope power sources, 
flywheel energy storage and attitude control, lithium ion polymer energy storage and advanced power management 
and distribution. 


14. SUBJECT TERMS 


Space power; Power generation; Electric propulsion; Energy storage 


15. NUMBER OF PAGES 

25 


16. PRICE CODE 


17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT 
OF REPORT OF THIS PAGE OF ABSTRACT 

Unclassified Unclassified Unclassified 


NSN 7540-01-280-5500 


Standard Form 298 (Rev. 2-89) 
Prescribed by ANSI Std. Z39-18 
298-102 


























